Aim: The aim of this study was to perform a systematic review and meta-analysis on high-dose dual therapy (HDDT) versus bismuth quadruple therapy (BQT) for Helicobacter pylori infection.
Introduction
Helicobacter pylori treatment still remains a challenge. [1] [2] [3] [4] Vaccination is the best option to H pylori but now we do not have it! Thus antibiotic therapy is preferable than other options. [5] [6] [7] [8] [9] [10] Despite initial successes, there has been an unacceptable level in H pylori triple eradication therapies currently due to increased antibiotic resistance, especially that to clarithromycin, metronidazole, and levofloxacin. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Therefore, it is crucial to use H pylori eradication regimens with high efficacy and less adverse events.
Bismuth quadruple therapy (BQT), consisting of a proton pump inhibitor (PPI), bismuth, and 2 antibiotics (amoxicillin and clarithromycin or metronidazole et al), has been recommended in most current H pylori treatment guidelines as a first-line regimen. [2, [7] [8] [9] [10] For example, both BQT and non-bismuth quadruple therapies were recommended as first-line strategies for H pylori infection by Maastricht V/Florence Consensus Report guidelines and the Toronto Consensus for the Treatment of H pylori Infection in Adults. [2, 8] BQT was recommended as 1 common solution in patients with a penicillin allergy by H pylori Management in ASEAN: the Bangkok Consensus Report. [7] The Fifth Chinese National Consensus Report on the management of H pylori infection has also recommended BQT as the main empirical therapy for H pylori eradication. [10] Furthermore, Maastricht-V Consensus Report recommended BQT with no need for drug-sensitive test. [8] However, in some regions, BQT is not available. [2] Moreover, BQT has relatively high side effects. Up to now, the global prevalence of primary and the acquired H pylori resistance to amoxicillin are still generally rare. [11] [12] [13] [14] The actual efficacy of amoxicillin/PPI dual therapy that has been used in several areas remains controversial partly because of differences in doses and dosing frequency. [13, Actually, high-dose dual therapy (HDDT), defined as amoxicillin ≥2.0 g/day, amoxicillin or PPI gave 3 or 4 times daily, or administration of both amoxicillin and PPI 4 times daily for 14 days, has resulted in greater efficacy (i.e., over 90%). [32, [34] [35] [36] [37] [38] Several clinical trials have reported the H pylori eradication rates of the HDDT compared with BQT. [27, 35, [39] [40] [41] In this study, we performed this meta-analysis to compare the efficacy and safety of 2 H pylori eradication regimens, HDDT and BQT.
Materials and methods

Eligibility criteria
Studies included in the meta-analysis met the following criteria:
(1) studies designed as randomized controlled trials or controlled clinical trials; (2) studies enrolling diagnosed H pylori infection patients, regardless of gender, age, or race; (3) studies comparing HDDT and BQT, not necessarily in a blind manner; and (4) studies with similar end-points of interests, including efficacy (intention-to-treat (ITT) eradication rate, perprotocol (PP) eradication rate and adherence) and drugrelated toxicity (incidence of side effects), and reported relative risk (RR) with corresponding 95% confidence intervals (CIs).
Exclusion criteria
The following exclusion criteria were set:
(1) studies not comparing HDDT and BQT; (2) Randomized clinical trials (RCTs) in which patients received either HDDT or BQT in combination with other drugs; (3) studies with inappropriate statistical methods or duplicated or overlapped data in multiple reports; (4) studies from which meaningful statistical data could not be extracted; and (5) studies that were animal studies, non-clinical studies, case reports, reviews, or letters.
Search strategy
PubMed, Embase, Cochrane library, CNKI, and Wanfang databases in Chinese were searched up to March 2018 to identify studies comparing HDDT with BQT for H pyloriinfected patients. The search strategy included terms: Helicobacter pylori or H pylori, amoxicillin, dual therapy, bismuth, and quadruple therapy. No limitation was used during the literature search. The references of eligible studies were reviewed for additional studies. The reporting of this study follows the PRISMA guidelines.
[42]
Study selection and data extraction
Two authors independently extracted the relevant data from each included study. Disagreement was resolved by consensus, and then the accuracy was checked by the third author. We extracted the following information from included studies:
(1) name of the first author, year of publication, and trials types; (2) methods used to confirm H pylori infection and eradication; (3) number of subjects, therapeutic regimens; and (4) main outcomes including ITT eradication rate, PP eradication rate, adherence, and side effects.
Risk of bias
Two investigators separately rated the quality of retrieved studies. The quality of RCTs was assessed by Jadad quality scale. [43] Funnel plots were constructed to evaluate the risk of publication bias.
Statistical analysis
The endpoints of interest in the pooled analysis were eradication rate, compliance, and side effects. A sensitivity analysis was also performed to examine the impact on the overall results, depending on the heterogeneity across the included studies. Between-study heterogeneity was evaluated using I 2 statistic. [44] I 2 value larger than 50% suggested high degree of heterogeneity, less than 50% means low or moderate degree of heterogeneity. [45] Both ITT and PP analyses were used for clinical outcomes. Summary RRs were calculated by using random-effect models when there was high heterogeneity among studies. Otherwise, fixed-effect models were used. P values less than .05 were considered to be statistically significant. Statistical analyses were conducted using Review Manager Version 5.3 software (Revman; The Cochrane collaboration Oxford, United Kingdom). Findings of our meta-analysis were shown in forest plots. Publication bias was assessed using funnel plot.
Results
Study selection
In all, 159 studies were obtained from the original search algorithm, of which 128 were excluded because they were not RCTs, duplicated, or irrelevant to the current analysis. Thirtyone studies were evaluated, of which 26 were further excluded because amoxicillin or PPI was given less than 3 times per day or the given dose of amoxicillin was <2.0 g/day in the dual therapy, and 4 studies did not use BQT as control. Furthermore, 1 study in which amoxicillin or PPI did not be given 4 times daily for 14 days in HDDT was excluded. Finally, 4 prospective RCTs (without publication bias, Figure S1 , http://links.lww.com/MD/C814) including 829 participants (455 were treated with HDDT and 374 with BQT), met the inclusion criteria and were included in the meta-analysis. The flowchart of study selection is shown in Figure 1 . The characteristics of the included studies are summarized in Table 1 . Gao et al.'s study [39] and Hu JL et al's study [40] had a high risk for bias and the other 2 studies [26, 35] had an unclear risk for bias ( Figure S2 , S3, http://links.lww.com/MD/C814).
3.2. Meta-analysis results 3.2.1. Overall eradication rate. A fixed-effects model was used to pool the ITT eradication rate data since the heterogeneity across the 4 studies was low (x 2 = 3.38, P = .34, I 2 = 11%). The pooled eradication rate was 85.5% (95% CI 82.3%-88.7%) in HDDT groups compared to 87.2% (95% CI 83.8%-90.6%) in BQT groups. The pooling data did not achieve advantage in the HDDT or BQT groups (RR = 1.01, 95%CI = 0.96-1.06, P = .63) (Fig. 2) .
A fixed-effects model was also used to pool the PP eradication rate data, since the heterogeneity across the 4 studies was low Yang et al. 98: 7 Medicine (x 2 = 4.85, P = .18, I 2 = 38%). The pooled eradication rate was 88.4% (95% CI 85.4%-91.4%) in HDDT groups compared to 91.5% (95% CI 88.7%-94.4%) in BQT groups. Results showed that there were no significant differences between HDDT and BQT were observed (RR = 1.00, 95% CI: 0.96-1.04, P = .99; Fig. 3 Fig. 4 ).
Side effects.
The overall side effect rate was 14.4% (95% CI 11.0%-17.8%) for HDDT and 40.4% (95% CI 35.0%-45.8%) for BQT. The pooling side-effects data did achieve advantage in the HDDT therapy (RR = 0.42, 95% CI = 0.32-0.54, P <.00001) without significant statistical heterogeneity (x 2 = 1.60, P = .45, I 2 = 0%). In other words, HDDT therapy compared to BQT therapy did reduce the rate of side-effects (Fig. 5) .
Sensitivity analysis
In the sensitivity analysis, by removing 1 study at a time, the statistical significance of the pooled RR was not changed.
Discussion
H pylori infection is one of the most common chronic bacterial infections in humans and causes chronic progressive gastric inflammation and a variety of diseases, including peptic ulcer disease and gastric cancer. [2, [5] [6] [7] [8] [9] [10] Antibiotic resistance is thought to be the key element to consider in H pylori treatment. [1] [2] [3] [4] [5] [6] [7] 12, 14] Resistance occurs by mutations which are errors during the replication of H pylori DNA. This can occur during the treatment of H pylori infection, but also when taking the antibiotic for another infection. [46] So far, resistance rates of H pylori to antibiotics, such as clarithromycin, metronidazole, and levofloxacin, have reached alarming levels worldwide. [1, 3, 4, 11, 12, 14] Due to the global prevalence of primary and the acquired H pylori resistance to amoxicillin are still generally rare, [11] [12] [13] [14] a combination of PPI and amoxicillin dual therapy have been evaluated to treat H pylori infection for many areas, while the efficacy of this dual therapy is under controversial. [13, Many studies in which H pylori-infected patients were treated with standard-dose amoxicillin (2 g/d or less) and PPI once or twice daily did not achieve satisfying results of H pylori eradication rate compared with the standard triple therapy. [13, [17] [18] [19] [20] [21] 28, 31, 33, [47] [48] [49] [50] There are several explanations for the decrease in the efficacy of H pylori eradication. On 1 hand, amoxicillin is time-dependent Table 1 Study characteristics. semi-synthetic penicillin and could be much better absorbed to blood after oral administration. Plasma levels in excess of the minimum inhibitory concentrations were maintained for 6 to 8 hours, so plasma concentrations of amoxicillin cannot be achieved by only a single oral dose of 1 g amoxicillin twice daily. [51] On the other hand, responding to amoxicillin is strongly affected by gastric pH value. H pylori are much more likely sensitive to amoxicillin when gastric pH value is high (pH >6). Gastric pH value is associated with the dose of PPI, dosing frequency and drug type. [38, 52] Accordingly, researches from different areas of the world have investigated the optimal designs of the dual (PPI and amoxicillin) therapy.
(1) Increasing the dose and dosing frequency of amoxicillin alone. For example, Schwartz et al compared a triple therapy with PPI and amoxicillin dual therapy. They found that when lansoprazole was given 30 mg twice daily in combination with amoxicillin 1 g 3 times daily, the cure rate of H pylori was only 53% with ITT analysis. [15] (2) Modifying the dose and dosing frequency of PPI, and increasing gastric pH alone. For example, Attumi et al treated H pylori infected patients with high dose extended-release lansoprazole 120 mg twice daily in combination with amoxicillin 1 g twice daily for 14 days. They found that the success rates of both PP and ITT treatment were only 53.8%.
[18] (3) Increasing PPI and amoxicillin simultaneously, and achieving satisfying effect. [32, 34, 35, 37, 39] A previous multi-center RCT in 1995 has demonstrated that the ITT eradication rate was 91% treated with 40 mg omeprazole 3 times a day and 750 mg amoxicillin 3 times a day. [37] Yang et al showed that the eradication rates of H pylori were 96.6% (PP) and 95.3% (ITT) using HDDT (rabeprazole 10 mg and amoxicillin 750 mg, 4 times/day for 14 days). [34] While, Hu et al demonstrated that the eradication rate of H pylori was 96.4% (PP) and 94.7% (ITT), respectively, treated with HDDT (rabeprazole 20 mg and amoxicillin 750 mg, 4 times/day for 14 days). [35] HDDT means increasing PPI and amoxicillin simultaneously to achieve satisfied eradication rate of H pylori infection. Up to now, there is no standard HDDT, so different researchers have adopted different specific schemes. In Yang's study, both amoxicillin and PPI were given 4 times daily for 14 days. [34] A recent meta-analysis defined HDDT as taking amoxicillin ≥2.0 g/ day, amoxicillin or PPI 3 or 4 times daily. [36] In our meta-analysis, we treated both amoxicillin and PPI be given 4 times daily for 14 days (Yang's criteria) as the standard, running RCT comparing HDDT with BQT. We found 4 RCTs met Yang's criteria, [34] the efficacy of H pylori eradication show ITT and PP eradication rates were 75.6% to 94.7% and 81.2% to 96.4%, and the combined eradication rates are 85.5% (ITT) and 88.4% (PP) respectively, no significant differences compared HDDT with BQT were observed (Figs. 2 and 3) . We found that both HDDT and BQT can achieve similar eradication rates for H pylori infection.
H pylori resistance to antibiotics plays a key role in the failure of the treatment. Bismuth can improve eradication rates without resistance, and is safe for short-term used. [53] There is synergistic effect of bismuth combined with antibiotics, so the addition of bismuth might enhance the effectiveness of triple therapies. [54] Bismuth can also partly overcome H pylori resistance to clarithromycin, [55] [56] [57] metronidazole, [58, 59] and levofloxacin. [60, 61] On the other hand, unlike clarithromycin-containing triple therapy or levofloxacin-containing triple therapy, the efficacy of HDDT will not gradually decrease with the use of amoxicillin in terms of that H pylori resistance to amoxicillin, both primary and acquired, is rare. [11] [12] [13] [14] Therefore we included studies regardless of first-line or rescue therapy for H pylori infection in this meta-analysis.
BQTs are believed to perform better than other H pylori eradication therapies. [54] [55] [56] [57] [58] [59] [60] [61] [62] Currently, strong consensus was reached that classic BQT (PPI-bismuth-tetracycline-metronidazole) has been recommended for H pylori infection. [2, 7, 9, 10] Despite Zhang et al [63] and Wu et al [64] have conducted metaanalysis of studies comparing BQT with quinolone-based (moxifloxacin, levofloxacin) triple therapy for H pylori eradication, and they found that quinolone-based triple regimen is more effective and well tolerated than BQT in the treatment. Recently, resistance rates of H pylori to quinolone were over 30%, and the rescue therapy with PPI-amoxicillin-levofloxacin still failed in >20% of patients. [65, 66] In addition, side effects were more likely in BQT than in HDDT (Fig. 5) . A high rate of adverse events with BQT may decrease its compliance. Bismuth agents and tetracycline are also not available in some geographic areas. Moreover, H pylori showed higher risk of secondary resistance after treatment failure of the BQT than HDDT, which makes it harder with rescue treatment for H pylori eradication. Therefore, HDDT is an effective therapy in patients who are not allergic to penicillin; while for patients who are allergic to penicillin, BQT is a good treatment option for H pylori infection.
There are some limitations of our study. First, the patients were enrolled in RCTs are mainly from Asia. The response to HDDT might be affected by CYP2C19 polymorphisms, so further research needs to be taken among different people. Second, all included trials were not carried out in a blind manner, which may lead to heterogeneity among included studies. Finally, all RCTs in this meta-analysis used the different kinds of PPIs, and 1 study had 2 PPI dosage in HDDT group, and different dosage and antibiotics in BQT group, resulting in publication bias.
In conclusion, our findings showed that HDDT was comparable to BQT for H pylori infection. HDDT is effective and safe. In geographical areas with high antibiotic resistance, empirical treatment with HDDT would potentially achieve higher eradication rates (for non-penicillin-allergic patients) because the overall rate of amoxicillin resistance is low worldwide. Future research should be directed in comparing the 2 therapies, also in terms of different antibiotics composition and therapies based on antibiotic susceptibility testing.
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